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(2K1Cy + Bosentan), and Group 5 two kidney one clip hypertensive rats + Losartan
Key Words: (2K1Cny + Losartan). Systolic blood pressure (SBP) was significantly elevated in 2K1Cy
2K1C Goldblatt mode, rats from third to sixth week after surgery compared with control rats. SBP significantly
Systolic blood pressure fell in bosentan and losartan treated rats. Serum nitric oxide (NO) level in hypertensive
Bosentan rats was slightly decreased, whereas in losartan group it was significantly increased.
Losartan Serum malonaldehyde (MDA) significantly increased in bosentan treated rats as

compared to hypertensive rats. Bosentan administration caused a markedly increased in
Na* excretion rate compared with 2K1C, rats in week four after surgery. In conclusion,
losartan is more potent than bosentan in reducing hypertension via elevation of serum
NO level.

Introduction

Hypertension (HTN) has an important contribution in cardiovascular risks factors. It has been considered by
the researchers. Several animal models have been used to investigate the consequences of HTN. The most
well-known model is Goldblatt model, which is widely used for renovascular HTN (1).The 2K1C Goldblatt
model is induced by using silver clip on unilateral stenosis of the renal artery and the other kidney is untouched
(2).

The definitive place of ET-1 in the hypertension has been a controversial subject among researchers over the
last two decades since the discovery of ET-1 (3, 4). Schiffrin (5) reported that plasma ET-1 concentration is
elevated in essential hypertension, and it leads to constrict vascular beds, increases smooth muscle
hypertrophy, proliferation and rises vascular resistance.

ET has many receptor subtypes. They are participated greatly in physiology process; so scientists are attempted
to block ET-1 signal receptors by peptide and non-peptide substances to understand their actions on the body.
Davenport (6) revealed that ET-1 receptor antagonists are currently classified as ET a selective (BQ 123), ETg
selective (BQ 788), and mixed antagonists that display similar affinities for both receptor subtypes. Both of
ETa selective and ETa/ ETg (Bosentan) antagonists are currently evaluated in clinical trials.

Beside ET-1, Ang Il has great roles in cardiovascular diseases. It also has two subtype receptors AT, via G
protein coupling receptor constricts blood vessels and AT, via production cGMP produce NO (7). Ang Il
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receptors are widely distributed in the body organ tissues, but they are abundant in the nephrons. AT activation
decreases pressure natriuresis and diuresis. A constriction character of Ang Il on blood vessels as like as ET-
1 leads to produce hypertension (8). Little is known about the physiological actions of ET-1, Ang Il and their
antagonists on 2K1C induced hypertensive rats. So the present study aimed to investigate the hemodynamic
and renal effects of ET-1 and Ang Il on 2K1C rats.

Materials and Methods

Animals

Thirty nine male rats were used their body weights between 200 - 400 grams. This experiment was conducted
on male due to female resistance to hypertension (9). The employed experimental animals were met the
criteria of ethic rules of the supervising committee of Biology department, College of Science,
Salahaddin University. Rats were given standard rat diet, when room temperature was controlled in range
22 +2°Cand 12/ 12 dark cycle photoperiod.

Experimental design

This experiment was designed to develop renovascular hypertensive rats through two kidney one clip (2K1C)
Goldblatt model, then treating them by bosentan and Losartan. To obtain the goal of experiment five groups
were performed under same house conditions. Group 1 (Sham rats, n = 9), rats underwent left abdominal
incision and all the surgical procedure without using silver clip, they had been given one ml normal saline
(0.9%) by gavage every day; Group 2, 2K1C, rats (n = 7) served as a negative control in which rats had a
silver clip around the left renal artery, they would not develop hypertension; Group 3, 2K1Cg rats (n = 7)
served as a positive control in which rats had a silver clip around left renal artery with developed hypertension;
Group 4, 2K1C + Bosentan rats (n = 8) rats had silver clip around left renal artery with hypertension, then
treated by bosentan 30 mg/ kg (Cipla, India) every day by gavage, after two weeks of surgery from developed
hypertension continued for four weeks (10); Group 5, 2K1C + Losartan (n = 8) involved rats had silver clip
around left renal artery developed hypertension then Losartan (Actavis, Icelanda) was administrated by
gavaging 30 mg / kg every day, after two weeks of surgery from developed hypertension continued until four
weeks.

Preparation of animals for 2K1C Goldblatt hypertension

Animals were anesthetized by injection with a mixture of Ketamine hydrochloride 80 mg / Kg (Trittau,
Germany) and Xylazin 12 mg / Kg (Interchem, Holland) intraperitonealy(11). Left abdominal side was cleaned
from fur; a 4 — 5 cm flank incision was made to expose the left kidney, then it was carefully dissected and
freed left renal artery from left renal vein. An internal diameter (0.25 - 0.3) mm silver clip was placed around
the left renal artery which it was caused partial occlusion, and a 70% of blood flow was decreased. After
performing clipping process successfully, the left kidney was slowly pushed back into the retroperitoneal
cavity, the wound was cleaned by sterilized solution, the abdominal muscle was sutured by 3.0 gage chromic
gut suture and the abdominal skin sutured by ethilon monofilament nylon suture 3.0 gage. The whole
procedures on sham group had been done without clipped silver clip around left renal artery.

Determination of noninvasive systolic blood pressure

Conscious rats were pre warmed till 30 - 40 -C in paper box. SBP was measured by tail cuff method (12). The
electro sphygmomanometer (AD Instruments, Power Lab 2 / 25, software LabChart6) was used. Rat’s tail was
inserted into cuff and transducer pressed on caudal artery during inflation; SBP was represented as the average
of 5 consistent readings.
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Determination of serum NO

Griess reagent system (sulfanilamide and N-1-napthylethylenediamine dihydrochloride) was used to determine
serum NO under acidic (phosphoric acid) conditions. 0.5 ml serum sample was added into clean centrifuge test
tube (Supe-Rior,W-Germany), to precipitate serum protein by adding 300 pL of 0.15 M ZnSO. (13),
neutralized media by adding 10 pL of 10 M NaOH (14), Mixed well by vortex (Vortex-Genie, Model K - 550-
Ge, USA). It was cooled on ice for 15 minutes and centrifuged (Centromix-Mod. S - 549) at 1000 g for 10
minutes. Supernatant 0.5 ml was transferred into clean labeled plastic test tube (Screw tube), to reduce nitrate
(NO3) to nitrite (NO2), 2 - 3 copper cadmium granules were added. After that, 0.5 ml supernatant was added
into another clean labeled plastic test tube and 0.5 Griess reagent acid was added into each sample, then mixed
and incubate at room temperature for 15 min. The violet colour reagent was read at 543 nm.

Determination of serum MDA
Malondialdehyde is a byproduct of lipid peroxidation. It was reacted with Thiobarbituric acid (TBA) to
produce a complex MDA - TBA. This complex was determined spectrophotometrically at 520 nm.

Determination of serum glucose
Oxidation glucose by many enzymes, which performed in a Kit (Randox) produced a violet quinoneimine
coluor absorbed by spectrophotometer (500 nm) which was proportioned to glucose concentration

AST and ALP enzyme activities determinations
AST and ALP are considered as liver function test parameters; they are measured by applying automated
biochemical analyzer (Cobas,USA)

Determination of sodium excretion rates

Excretion rates were found by calculation from urine flow and electrolyte concentration in the urine as the
following equation

Sodium excretion rate (mEq / hr / Kg) = Urine flow (ml / hr / Kg b.w) * Na* concentration in urine meq/ L

Statistical analysis

All data were expressed as means + standard error (SE) and statistical analysis was carried out by using
statistical package for social science social version 16 (SPSS). One way analysis of variance and post hoc
Duncan were used to analysis data. P values < 0.05 were considered as significant.

Results

Fig 1 shows that SBP were significantly (P < 0.001) elevated in 2K1C, rats from third to sixth week
respectively after surgery as compared with sham operated rats. There was also a significant decrease in
normotensive rats compared with hypertensive rats. There was not significant difference in week three but by
week four SBP had significantly fallen in bosentan treated rats compared with hypertensive rats. Also,
administration of losartan was significantly lowered SBP.
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Figure 1: Effects of bosentan and losartan on systolic blood pressure (mm Hg) in 2K1C ). 2K1C), two kidney one clip
normotensive rats; 2K1C,), two kidney one clip hypertensive rats; 2K1C,) + Bosentan, two kidney one clip hypertensive
rats plus bosentan administration; 2K1C + Losartan, two kidney one clip hypertensive rats plus losartan administration.
Data are expressed mean + standard error. P < 0.05 vs 2K1C and “P < 0.05 vs 2K1C, one way ANOVA (CRD) and
post - hoc Duncan

As shown in Table 1, serum NO level in hypertensive rats was slightly decreased (6.457 + 0.8242) compared
to sham rats (8.900 + 1.291). Serum NO level of losartan group was significantly (P < 0.05) increased (15.37
* 3.704) as compared with hypertensive rats. Besides, serum NO level in bosentan groups was raised (8.125 +
1.544) but not significantly consideration. There was no significant difference between normotensive rats and
hypertensive rats. Serum MDA concentration significantly (P < 0.05) increased in bosentan treated rats (6.881
+ 0.7599), as compared with hypertensive ones. Also, in losartan treated rats serum MDA level (4.848 +
0.4022) increased, but not significantly in comparison with hypertensive rats (3.766 + 0.2789). Serum MDA
in normotensive and hypertensive groups did not change statistical significant as compared with sham group
(Table).

In addition, AST and ALP tended to increase in both 2K1Cy and 2K1C(,) groups (Table). Losartan
administration was not significantly lowered serum AST while, ALP activity significantly decreased (144.7 +
7.946, and 187.8 + 10.57), respectively as compared with 2K1C rats (160.5 + 5.830, and 225.4 + 16.29)
(Table). Thus, bosentan lowered ALP activity, whereas, it further increased serum AST activity in 2K1C
treated rats (Table). Besides that, glucose concentration in serum of normotensive rats significantly increased
(167.3 £ 12.62) (P < 0.05) in comparison with hypertensive rats (127.1 £ 11.11). The hypertensive rats did not
differ significantly from sham rats. There are no statistically significant differences appeared between losartan
and bosentan effects in hypertensive rats (Table). As shown in (Fig 2), bosentan administration caused a
marked (P < 0.05) increase in sodium excretion rate compared with 2K1C rats in week four after surgery.
Losartan administration slightly increased sodium excretion rate compared to 2K1C) group.
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Table: Effects of bosentan and losartan on serum NO (umol / L), MDA AST, ALP activity, and Glucose from third week
to sixth week after surgery in 2K1C hypertensive rats

Parameters NO * MDA * AST * ALP * Glucose *
Groups (umol / L) (umol / L) (UrsL) (/L) (mg/dL)
Sham 8.900 + 1.2912 4.038 £ 0.14592®  135.6 + 4.3502 114.9 + 9.3222 119.5 + 4.4552
2K1Cqn 6.600 + 0.82422  3.052+0.1725% 184.0 +8.113%  214.1+13.23> 167.3+ 12.62°

)
2K1Cn) 6.457 +1.0382 3.766 £ 0.2789%  160.5+5.830%  225.4 + 16.29° 127.4 + 11.11°8
2K1Cp) + Bosentan  8.125 + 1.5442 6.881 +0.7599°  213.3 + 29.96° 179.2 + 12.36° 129.3 + 9.508°%
2K1Cn+ Losartan  15.37 + 3.704° 4.848 +0.4022°  144.7 +7.9462 187.8 + 10.57° 143.7 + 16.86%°

Two kidney one clip normotensive rats were compared with two kidney one clip hypertensive rats. 2K1C), two kidney
one clip normotensive rats; 2K1C), two kidney one clip hypertensive rats; 2K1C) + Bosentan, two kidney one clip
hypertensive rats plus bosentan administration; 2K1Cy + Losartan, two Kidney one clip hypertensive rats plus losartan
administration. The different letters mean significant and the same letters mean no significant differences. The data mean
+ SEM * P < 0.05 considered a significant difference according to 1 - way ANOVA followed by Duncan post hoc test
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Figure 2: Effects of bosentan and losartan on sodium excretion rate (mEq / h / Kg) in 2K1C ). 2K1Cy), two kidney one
clip normotensive rats; 2K1C, two kidney one clip hypertensive rats; 2K1Cgn + Bosentan, two kidney one clip
hypertensive rats plus bosentan administration; 2K1C + Losartan, two kidney one clip hypertensive rats plus losartan
administration. Data are expressed mean + standard error. #P < 0.05 vs 2K1C and “P < 0.05 vs 2K1C,y one way
ANOVA (CRD) and post - hoc Duncan
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Discussions

Experimentally had been showed that 2K1C model did not elevate BP in the first and second weeks after
surgery, but from week three after surgery, BP elevated significantly (P < 0.05), and it was remained on
elevation until week six post-surgery (Fig 1). It means that 2K1C model for development of hypertension is
highly associated to the time (15). Also, it was related to salt and water retention, which they were retuned
slowly at the beginning (1) It was similar to our data regarding urine Na* excretion rate which were decreased
in hypertensive rats (Fig 2).

On the other hand, Renin angiotensin aldosterone system and Frank-Starling mechanism were highly
contributed in rising BP in 2K1C model by increasing blood volume and rose volume load (8). Also, rising of
free radicals was participated in hypertension (16). Administration of bosentan could decrease BP significantly
(P < 0.05) in 2K1C hypertensive rats. The mechanism of decreasing blood pressure by bosentan is due to
blocking of ET /e receptors, which leads to decrease in peripheral resistance (6). Also, the results showed that
bosentan increased Na* excretion rate, through bosentan contributions in decreasing salt and water retention.
Losartan administration significantly (P < 0.05) decreased the elevated BP (Fig 1), because losartan blocks
AT receptor that prevents Ang Il constriction character on blood vessels, but AT, receptor (17) continuously
elevates serum NO concentration (Table) which is a potent vasodilator substance that decreases peripheral
resistances (17).

Furthermore, many rats of the present study were followed up from day of surgery till six weeks and BP was
measured once a week their BP did not exceed more than 125 mm Hg. They were considered as normotensive
(Fig 1). The mystery behind 2K1C became normotensive related to the strain of rat (18). Also, it was related
to slow responsiveness to presser effect of Ang Il; the arterial pressure response to renal ischemia may depend
on both Angll formation and responsiveness to the chronic actions of the peptide (19).

The data was showed that, NO changed among groups but not reached the level of significance except in
losartan group (Table). The well established mechanism for this circumstance, 2K1C model is renin
angiotensin system dependent. Ang Il is directly increased free radicals, which they are reacted with NO, and
then it is decreased serum NO concentration. When, losartan administrated orally it was caused an increases
in serum NO due to blocks AT; receptor (20). To understand the role of free radicals in hypertension, MDA
has been measured as indicator of the level of free radicals. The result showed that, bosentan had harmful risk
effects of the body due to rose MDA level (Table), it also has hepatic toxicity and liver damage (21), but the
exact mechanism by which bosentan increases free radicals is not fully understood, so further research needs
to confirm this finding and explain the possible physiological role of bosentan risk factors. AST activity was
in the serum measured; it was highly activity in the serum of bosentan group (Table). It means that bosentan
affected liver cells, and damaged them, as well as increased MDA (22)

2K1Cn model could increase LFT markedly, especially in ALP activities (Table). The mechanisms for
increasing LFT may be related to the elevation of serum Ang Il. It has been directly caused liver fibrosis,
hepatic cell proliferation, and inflammatory cytokine release (23). Also, Ang Il is indirectly increased liver
enzymes production through increasing portal vein (24). So hypertension indirectly causes an increase in liver
enzymes (25). Bosentan administration, despite its hypotensive effects, increased AST activity significantly (P
< 0.05) (Table), because bosentan itself is reported to cause hepatic toxicity and liver damage (21). In contrast
to bosentan, losartan administration decreased AST and ALP significantly (P < 0.05). These interested findings
are confirmed by Sookoian (26). They experimentally demonstrated that losartan has antifibrosis action on
liver cells and other organs. Our results showed that AST and ALP in normotensive rats increased in
comparison with sham rats. Until now, there is not clear mechanism to interpret that, but our study observed
of clipped kidney; substances from fibrosis may enhance liver cells to increase liver enzyme activities.

The 70% occlusion of blood flow from left renal artery causes decreased Na* excretion rate of the hypertensive
rats. They are increased in bosentan and losartan treated rats compared with 2K1Crats (Fig 2). Although our
results did not reach significant level in all time intervals, but still it was parallel with other studies which

68



JZS (2016) 18-2 (Part-A)

reported that, clipping method would cause decreasing pressure natriuresis and diuresis, because Ang Il
stimulates adrenal cortex to increase aldosterone secretion. It is enhanced Na* and water retention by activating
Na*- K ATPase pump and increasing Na*-water co-transport (1). The most harmful risk of cardiovascular
disease is hyperglycemia, so that for the first time our results observed that 2K1C rats had markedly elevated
serum glucose as compared with sham. According to our knowledge, there is no report correlating such
resistance of hypertension in 2K1C, rats with high blood glucose. Whether unchanged right kidney weight
when left kidney have been clipped has a role or not, it has not been explained yet. Such unexplainable results
need further confirmation.

Conclusions

Two kidney one clip for developing hypertension is required sufficient time at least two weeks. Losartan was
more potent than bosentan in reducing hypertension through elevation of serum NO level. Bosentan was
increased Na* excretion rate. Many rats had resistance for 2K1C Goldblatt model, but with the resistance
character they were became hyperglycemia.
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